Objective: The purpose of this study was to evaluate the width/length ratio and the gingival zenith (GZ), by means of dental casts and digital caliper, in patients with missing maxillary lateral incisors after treatment.
InTRODuCTIOn
Dental agenesis in the anterior maxillary region compromise the balance and symmetry of the smile, interfering negatively in the patient's interpersonal relationships and self esteem. 1,2 esthetics of the smile is related to various parameters, and therefore, all professionals involved in the treatment of agenesis of the lateral incisors should aim dentofacial esthetic.
According to contemporary cosmetic literature, an adequate width-length ratio of teeth and the gingival zenith are desirable characteristics for the smile, and may thus be references for esthetic rehabilitation, [3] [4] [5] such as the treatment required by patients with agenesis. Different authors [6] [7] [8] [9] [10] [11] [12] have studied the above-mentioned esthetic principles, nevertheless, there is little information about how they have been applied in the rehabilitative treatment of patients with agenesis.
Treatment of patients with unilateral or bilateral agenesis of maxillary lateral incisors is an interdisciplinary challenge, requiring correct diagnosis and individual planning in order to restore the long term function and esthetics of the smile. [13] [14] [15] The treatment options generally indicated for these patients are closure of spaces and re-contouring of the canines into lateral incisors or maintaining the spaces for placement of dental implants. [16] [17] [18] [19] [20] Whatever the chosen option may be, procedures are still need to be performed by the orthodontist, either to improve the position of the canine (adequate crown torque and leveling of the gingival margin) , or to suit the width of the area of agenesis that will be the implant receptor site to the width of a natural lateral incisor. 15, 21, 22 The purpose of the present study was to analyze the width/length ratio and gingival zenith of anterior teeth in patients with agenesis of the maxillary lateral incisor after treatment and discuss the applicability of these esthetic principles and their relationship with the final esthetic appearance of patients with agenesis of the maxillary lateral incisor, treated with space closure and dental re-contouring, or with space opening and implant placement.
MATERIAL AnD METHODS
For this study, 28 patients with bilateral agenesis of the maxillary lateral incisor were selected, and divided into 2 groups according to the treatment performed: BRG (n = 18) -patients with bilateral agenesis treated with orthodontic space closure and dental re-contouring; and BIG (n = 10) -patients with bilateral agenesis treated with space opening and implant placement. The control group (CG) was composed of 24 patients, selected according to the following criteria: (1) the patient should not have received previous orthodontic or orthopedic treatment; (2) presented no history of facial pain during the previous year; (3) does not use a bruxism plate; (4) presented all teeth in mouth, except the third molar; (5) presented no skeletal discrepancy and (6) has good tooth alignment. The patients in Groups BRG and BIG were evaluated, on an average of 5.03 years and 3.08 years, respectively, after conclusion of interdisciplinary rehabilitative treatment. All the patients were invited to participate in this research and signed a free and informed term of consent approved by the Ethics Committee of the State University of Maringá (Protocol No. 582/2009).
For evaluation of the esthetic principles, study models made of orthodontic plaster (Asfer -Asfer Indústria Química Ltda, São Caetano do Sul) were obtained from impressions of all patients, taken using alginate (Jeltrate Plus -Dentsply, Petrópolis). The width (W) and length (L) of teeth were measured on the models, using a digital caliper (MITUTOYO ® -São Paulo/Brazil), and the width/length ratio (W/L) of each tooth was calculated by dividing the width by the height. The gingival zenith (GZ) level of the maxillary lateral incisors (MLI) was evaluated in relation to a line tangent to the GZ of the canines and central incisors, drawn on the study models of the patients (Fig 1) . The distance between this line and GZ of the MLI was measured with a digital caliper at 4X magnification.
For statistical analysis the Software R 2.10.1 was used and the statistical significance level was defined at 5%. For all the analyses, the Shapiro-Wilk test was applied to verify the normality of the data. Spearman's correlation test was applied for the intra-examiner analysis regarding width/length ratio. All the measurements were repeated at two different time intervals by the same observer (interval of 30 days), and abnormal distribution of the sample was verified. To compare the findings of the right and left sides of the smile; (symmetry of the smile), the Wilcoxon test for paired data was applied. For the inter-group comparison the Mann-Whitney U test was applied. In respect to the gingival zenith, observer calibration was performed by means of three analyses, with an interval of 7 days between them, of a sample of 5 randomly selected patients. The three observations were compared by the Spearman Correlation test again. This test was chosen because normal distribution of the data was not verified. To measure equality of the GZ on the right and left sides of the smile, the paired t test was applied, and for inter-group comparison, the ANOVA Test.
RESuLTS
With regard to the width/length ratio, the values of the lateral incisors of BRG (0.81 right/0.84 left) were found to be the closest to those of CG (0.85 right/0.84 left). The analysis of normality by the Shapiro-Wilk (SW) test showed abnormal distribution of the data, which justified the use of parametric tests ( Table 1 ). The comparison made between the two observations showed no statistically significant differences, demonstrating that the examiner was duly calibrated for the measurements (Table 1 ). Figure 2 demonstrated that although the width/length ratio presented very similar values for the three groups, the medians of each dimension, in particular width and length, revealed that proportionally, the canines transformed into lateral incisors in BRG were larger than the lateral incisors in CG.
Analysis of the symmetry of the smile using the data obtained for the right and left sides of the width/height ratio, revealed that there was no statistically significant difference among the groups (p > 0.05) ( Table 2 ). According the Kruskal-Wallis test, the intergroup comparison revealed statistically significant differences only between BIG and CG for the right lateral incisor; and between BRG and CG, for the right canine (Table 3) .
For evaluation of the gingival zenith, the three analyses performed by the same observer could not be considered statistically different , according to the Spearman Correlation test (coefficient R > 0.9). Evaluation of the medians obtained for GZ demonstrated that BRG was the group that differed most from the others, and that the values shown between BIG and CG were the most similar (Table 4 ). According to the t test, the data obtained for the gingival zenith for the right and left sides of the smile could be considered not statistically different (Table 4 ). In the inter-group comparison by the ANOVA test, no statistically significant difference was shown among the groups (Table 4) .
DISCuSSIOn
This is a pioneer study in contemplating analysis of esthetic principles, such as the width/length ratio and gingival zenith, in a sample composed of patients with agenesis of the maxillary lateral incisor. According to the literature, the treatment modalities applicable to patients with agenesis of the maxillary lateral incisor have been widely studied from a functional point of view. 41-45 However, there is a lack of studies that relate esthetic principles to the final outcome of treatments applicable to these patients. Quantitative and qualitative evaluation of the width/length ratio of teeth and position of the lateral incisor zenith in relation to formation of the gingival triangle has not yet been a widely performed analysis in the literature. Conduct this study in patients with agenesis of the maxillary lateral incisor after treatment with implants or re-contouring, in comparison with a control group, provided an opportunity to evaluate this esthetic principle and its behavior in cases of multidisciplinary esthetic rehabilitation. Descriptive analysis of the measurements of width/length ratio revealed important peculiarities in each group with regard to this esthetic principle. The values (Table 1 ) of the width/length ratio of the incisors in all the groups were in agreement with the values found by Hasanreisoglu et al, 9 and Sterret et al. 11 The canine measurements were shown to be within the values found by Sterret et al, 11 ranging between 75-84%, except for the width/ length ratio value found for the right canine in the control group. Regarding the lateral incisors, BRG and CG presented values comparable with those related by Hasanreisoglu et al, 9 and Gillen et al, 12 ranging between 79-82%. BIG presented width/length ratio values of approximately 72% for lateral incisors, which have not yet been related by any author.
The fact that the values found for lateral incisors in BRG were higher than those found in BIG demonstrated that for BRG group, the width and length measurements of the teeth presented values that were closer to one another (Fig 2) , which resulted in a high quotient, when the width was divided by the length. Actually, In BRG, it is the transformed canine that is being analyzed, and in BIG, orthodontic treatment is normally necessary before implant therapy to adjust the width of the receptor area to that of a natural lateral incisor. Therefore, this data can be explained by the anatomic differences existent between the canine and lateral incisor, as canines are generally larger than lateral incisors. [9] [10] [11] [12] 23, 24 The values found for the width/length ratio in CG were higher than those found in the other groups. However, when comparing the medians of each dimension of this tooth in particular, it could be verified that BRG presented higher values for width and length, this can be explained by the fact that a re-contoured canine from BRG was being compared with a natural lateral incisor from CG. In addition, Figure 2 demonstrates that although the medians found for BIG were lower than those found for CG, both groups presented width dimension values that were very close, and greatly divergent values for length. This may be a result of limitations of the implant technique, because although the width of the receptor area may be adjusted to that of a natural lateral incisor, the height cannot always be re-established proportionally to the width. Such limitations are related to the height of the bone crest and thickness of keratinized tissue around the implant, which vary according to the type of platform or connection used, the relationship of the implant with the adjacent teeth, level of location of the implant/connector junction in relation to the bone crest, and the gingival biotype. 24, 25, 26 When comparing the data obtained for the width/ length ratio of teeth on the right and left sides of the smile, for the two variables, all the patients in all the groups may be considered symmetrical. This comparison was necessary to find out whether the clinicians were taking into account the re-establishment of symmetry and balance of the smile in the rehabilitation of cases of agenesis. This symmetry is guaranteed by orthodontics, either in the distribution of spaces for re-contouring of the anterior segment of the smile, as in the case of patients in BRG, or in adjusting the receptor area of the implant, in the case of BIG. In spite of the absence of statistically significant differences in this comparison, variations with regard to the medians of the width/length ratio were found in a large portion of the sample. It could be inferred that this was as a result of small alterations in the dimensions of some of the anterior teeth, which are generally not noticed. Kokich et al 27, 28 reported that small alterations of up to 2 mm in width of the lateral incisor were not perceived by orthodontists, general clinicians and laypersons, which justifies the results observed in the present study.
In the inter-group comparison, for the width/ length ratio, statistically significant difference between BIG and CG was found only for the right lateral incisor (p = 0.0236), with the justification that in BIG, the dentures showed elongated lengths when compared with CG. Another statistical difference found was for the right canine in the comparison between BRG and CG (p = 0.0193), due to the fact that between these two groups, the premolars that substituted the canines in BRG were being compared with the canines in CG.
For analysis of the gingival zenith, the GZ of teeth were marked according to the pattern established in the literature. 4, 6, 7, 29 For central incisors and canines, GZ is the most apical point of the gingival outline, generally located distally to the long axis of the tooth, whereas for the lateral incisors, in the majority of cases, this point is coincident with the long axis of the tooth.
Although no statistically differences were found in the comparison between BIG and CG (p = 0.0956), Analysis of width/height ratio and gingival zenith in patients with bilateral agenesis of maxillary lateral incisor original article analysis of the medians demonstrated differences in the position of the gingival zenith between the 3 groups: Re-contoured canines of the patients in BRG, the implants of the patients in BIG and the natural lateral incisor of the patients in CG. The presence of lower values in BRG demonstrated that in this group, the mesialization of the canines promoted the formation of this triangle in an opposite manner in the majority of the patients; that is to say, the zeniths of the lateral incisors in this group were predominantly found to be coincident or above the reference line of analysis. This is explained by the difference between the GZ of canines and premolars, in relation to the teeth they are replacing; in other words, the lateral incisors and canines respectively. Although these differences can be minimized with orthodontic space closure treatment before dental re-contouring, the discrepancy between the measurements of the right and left lateral incisors (Table 3 ) demonstrated that in the majority of the cases, this is not always possible, in disagreement with the pattern proposed in the literature. 4, 5, 29, 30 However, BRG was the group that presented the most similar values between RLI and LLI; that is to say, presented a greater trend towards symmetry in relation to GZ, ratifying the importance of orthodontic therapy associated with restorative therapy in the treatment with space closure and dental re-contouring. Although BIG was not shown to be as symmetrical as BRG, when compared with CG, the proximity between the values found for right and left GZ demonstrated that symmetry is also of concern to orthodontists in the treatment of opening or maintaining space for the placement of dental implants in patients with agenesis of the maxillary lateral incisors.
It is known that in addition to the variables under study, the width/length ratio and gingival zenith, many others that are difficult to quantify deserve attention when analyzing a peculiar sample, such as patients with agenesis of the maxillary lateral incisor. Clinicians must take other clinical parameters into consideration, both in planning and in the final stage of their clinical cases. The literature relates that both treatment options have their peculiarities. Re-contouring of the lateral incisors into canines is considered advantageous because it leads to minimal or no clinical and radiographic alteration over the course of time, 15, 22 less dental plaque accumulation, gingival inflammation and fewer periodontal pockets. 14, 16, 19 In addition it is considered an easily reversible procedure for color adjustment and adaptation of the restoration when necessary, when compared with prosthetic treatments. The disadvantage generally pointed out for this treatment is the lack of occlusion mutually protected by the canine. 16 Nevertheless, the literature is emphatic about not correlating this fact with possible temporomandibular dysfunction, and consider that the premolar may be considered a suitable substitute for the canine, from a functional point of view. 14, 18, 19, 20, 31 dental implants, are also a treatment option in the absence of lateral incisors, substituting adhesive dentures and fixed partial or removable dentures. This alternative has been considered conservative due to the preservation of permanent teeth adjacent to the prosthetic space; 31 and shorter orthodontic treatment time required. 32 However, the quantity and quality of bone, with consequent risk of infra-occlusion, and bone maturation of the individual are factors that interfere in the longitudinal results of dental implants. 33 Whatever may be the treatment option chosen, Orthodontics is essential in the multidisciplinary team for the treatment of patients with agenesis of the maxillary lateral incisor, as these procedures are necessary to restore the shape and proportionality of the smile and contribute to both the functional and esthetic re-establishment of the patient. 21, 22 The limitations and differences in the results between this study and others may be attributed to various factors ranging from variations in methods; such as using models or photographs, rulers, compasses or caliper, and size and ethnicity of the sample. It is worth pointing out that patients with agenesis of the maxillary lateral incisors constitute a peculiar sample, and difficult to be available. Finally, the results of this study and the literary findings indicate the need for further research about the application of the principles of esthetic proportions in the treatment of patients with agenesis of the maxillary lateral incisor. It is necessary to increase these analysis, with a larger number of patients to establish the differences among groups and patterns, and with control of these patients, in order to enable evaluation of the long term esthetic results of the treatments.
